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to analyze the sample during processing by optical microscopy allows real time correction of incubation 
and wash conditions so as to Airther optimize signal to noise. PRE assays may be conveniently 
employed with essentially any target substance and various binding partners in direct, sandwich, and 
other widely used test formats, some of which are described in more detail below. Substances tested 
S for and conjugated to PREs include proteuis, nucleic acid, ligands, receptors, antigens, sugars, lectins, 
enzymes, etc. 

Example 7 

PRP Assay of Goat-Antibiotin 
The wells of a polystyrene multi-well dish were coated with biotinylated BSA. Regular BSA 

10 was added to block any remaining non-specific binding sites in the wells. Samples of goat-antibiotin 
antibodies rangufig in concentration from 0.06 to 600 picograms (pg) were added to individual wells. 
A control sample having no goat-antibiotin antibodies was also assayed. PRPs bound to rabbit-antigoat 
antibodies were then added to each well and incubated. Unbound PRPs were washed from the wells, 
and bound PRPs in each well were observed with a darkfield optical microscope. Light sources in the 

IS field of view were analyzed according to the discrimination techniques described above, and the 
remaining scattering sites were individually counted in each well. The results of this test are shown in 
Fig. 9. The control sample had one count remaining after image processing, and is illustrated as the 
dark bar in Fig. 9. The number of counted PREs over the concentration range tested varied from 4 at 
0.06 pg analyte, to over 1000 at 600 pg analyte. 

20 Because it is advantageous to perform these assays with one or more populations of PREs 

having approximately uniform spectral characteristics, it is advantageous to form the PRE labels first 
under conditions which are conducive to forming such approximately uniform populations. As 
mentioned above, the binding of nucleation centers to binding sites, followed by metal enhancement and 
optical observation has been described, but this technique provides very little control over the spectral 

25 characteristics of the particles thus created. And even when these techniques have been performed, no 
effort to use the PRE scattering characteristics to discriminate background and make a highly sensitive 
assay has been made or proposed. Accordingly, PRE assays performed by first labeling target species 
with nucleation centers, and then metal enhancing them to form PREs, (rather than forming the PREs 
prior to binding) are still improved when light discrimination between PRE scatterers and background 

30 is performed. Furthermore, assays which use pre-formed optically observable sub-wavelength light 
emitters of any kind have not taken advantage of the technique of individually counting particles to 
create a sensitive assay. When spectral and spatial discrimination of background is performed, such 
counting can be useful for fluorescent or luminescent bead labels in addition to PRE labels. As will be 
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discussed below, fluorescence can be enhanced by local plasmon resonance, and thus PRE enhanced 
fluorescent beads provide an additional sub-wavelength light emitting label useful for such assays. 

It can also be appreciated that many variations of these types of assays may be performed with 
PRE labels. All of the various types of immunosorbent assays which are currently performed using 
5 fluorescent molecule labels may be performed with PREs instead. Sandwich and competition assays, 
for example, may be performed with PREs. In the first case, an entity such as an antibody having 
affinity for a target substance to be detected may be immobilized on the bottom of an assay well. A test 
sample including the target substance is added to the well, and the target substance binds to the first 
entity. A second entity, having affinity for a different portion of the target substance, may then be 

10 added to the well, wherein it binds to the target species. Finally, PREs bound to a third entity having 
affinity for the second entity are added to the well, which bind in turn to the second entity. After 
rinsing, it can be appreciated that PREs will only be bound to sites where the target substance has been 
previously bound. This test is very useful when the first and second entities mentioned above are 
antibodies having affinity to different epitopes on an antigen being assayed. The third entity, bound to 

IS the PREs, may then be an anti-species antibody, rather than being a specific binding partner of the target 
substance. 

In a competition assay, a first entity may be immobilized in an assay well, and both PRE 
coupled second entities and target substances are added to the well, wherein the second entity and the 
target substance compete for binding to the first entity. When imbound PREs are separated, the number 

20 of PREs remaining in the well indicates the extent to which the target substance was able to occupy 
binding sites. In this type of assay, the PRE bound second entity may be the same as the target 
substance, or may be a different substance which also has an affinity for the first entity. 

Those of skill in the art will recognize that PRE labels may be used to bind to a wide variety 
of molecular complexes in a wide variety of ways to produce a sensitive assay. As additional examples, 

25 the conjugate on the PRE label may be a specific binding partner of the analyte being tested for. It may 
be a specific binding partner of an immobilized analyte/antibody complex. As another alternative, PRE 
may bind to an immobilized antibody, but only if that immobilized antibody has previously bound an 
analyte molecule. Each of these various techniques may be especially suitable in a given assay, 
depending on the chemical nature of the analyte being tested for. 

30 Furthermore, it will be appreciated that assays for multiple analytes can be performed 

simultaneously using populations of PREs having different spectral signatures. Populations of PREs 
different color or different polarization responses can be conjugated so as to recognize different target 
substances. When introduced into a matrix containing unknown concentrations of several different 
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analytes, all of the assays set forth herein could be performed on several target substances at once by 
sq^arately counting the PREs associated with each distinctive spectral characteristic. 

PRE probes can also be used to screen in vitro combinatorial libraries. In some conventional 
versions of this technique, a drug receptor is labeled with a fluorophore then mixed with beads, the 
S collection of which constitutes the combinatorial library, and spread out on a slide. The presence of 
a fluorescent bead indicates receptor binding and the presence of a potential drug bound to the bead. 
In one embodiment of the invention, the fluorescent receptor is replaced with a PRE-labeled receptor 
which increases the sensitivity and photostability of the assay, thereby allowing for the possible 
production of the original combinatorial library on smaller beads and the ability to synthesize and screen 

10 larger chemical libraries. 

The libraries may also be synthesized on microchips, where the presence of a PRE probe 
indicates receptor binding. Recent applications of combinatorial libraries for in:q>roved drug discovery 
may thus be enhanced by using PRE probes as a method of detection of potential candidates. Selectively 
attached PRE increase the resolution and sensitivity of bio-chip detection schemes. 

IS In all of these assays, PRE calibration is conveniently performed using PREs of different 

spectral characteristics than are used to detect the target entities. In essence, the assays are calibrated 
by introducing a predetermined quantity of PREs having a selected spectral characteristic to create a 
control population of PREs which can be detected and measured in conjunction with the PREs used for 
the assay function. As one specific sandwich assay calibration example, red PREs may be conjugated 

20 to the target entity being tested for, and a known amount (but of course much lower than a saturating 
amount) of this PRE conjugated target entity is added to the well along with the sample, either 
sequentially or simultaneously. After rinsing away unbound conjugated red PREs, antibodies to the 
target entity are added. After rinsing unbound target entity antibodies, blue PREs (for example) which 
are conjugated to an anti-species antibody are added which bind to the antibody to the target entity. 

25 After rinsing, both red and blue PREs are counted, and the red PRE count provides a calibration count. 
In an alternative to this sandwich format, a direct binding assay calibration may also be utilized, wherein 
different immobilized antibodies are provided on the bottom of the sample well, and the calibration 
PREs are conjugated to a specific binding partner to one of the immobilized antibodies. 

Assays with PREs can also be performed in cells. Conjugated PREs can be bound to both fixed 

30 or free sites in cells and their locations individually observed. Well known techniques exist for 
placement of particles into cells, including high pressure bursts which cause the particles to perforate 
the cell membrane and electro-perforation in which high voltage discharges are used for the acceleration 
process (the PRE is typically charged prior to the electro-perforation techniques). Apparatus for 
performing these techniques are available from BioRad Laboratories of Hercules, CA. PREs and PRE 
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conjugates may also be introduced into cells by conventional transfection techniques including 
electroporation. PREs can also be placed into cells directly by piercing a cell m^brane with a 
micropipette, and directly injecting one or more PREs into the cell. In a preferred embodiment, the PRE 
is coated (i.e. latex) by well known methods to protect it from biochemical damage. 

5 In some advantageous embodiments of PRE assays within living cells, two populations of 

differently conjugated PREs are inserted into one or more cells. The separate conjugates associated with 
each separate population may be selected to bind to a different epitope on a target substance being 
manufactured in the cell. After injection into the cell, presence of the target substance will be indicated 
by PRE pairing, which is detected using the techniques described above. Depending on the namre of 

10 the target substance, it may be desirable to have PREs with similar, or disparate spectral characteristics 
associated with each conjugate. 

It is advantageous to pvepdie wells for use with PRE assays which are suitable for observation 
with darkfield microscopy. For the multi-well plates to include a substrate suitable for darkfield 
microscopy, the well bottoms are advantageously manufactured with particular emphasis on uniformity, 

15 smoothness, and cleanliness so as to hinder the formation of light scattering imperfections. Such care 
is currently not taken in the production of standard 96 well dishes. In addition, the outside surface 
under the wells should also be relatively clean and smooth, as the outside surface also provides a light 
scattering surface which can introduce undesired background signals. In some advantageous 
embodiments, the surfoces of the wells have less than approximately 100, or even less than 

20 approximately 10, light scattering imperfections therein. As an additional method of increasing signal 
to noise ratios in these assays, the location of imperfections in a well can be documented, and a 
scattering signal from those locations can be ignored when the assay is performed with that particular 
well. 

Typically, the field of view of the optical microscopes used in these assays comprises all of or 
25 portions of the bottom of the well. Thus, when low levels of analyte are being detected, it can be 
important to ensure that a minimum amount of analyte stick to the walls of the well, rather than to the 
bottom. It is accordingly advantageous to include a blocking agent on the walls of the well during 
production. To make such a well, a dish may be inverted and placed on a solution including a blocking 
agent such as BSA. If the dish is pushed down into the solution, or some of the air trapped in the wells 
30 is removed by sucking it out with a pipette or capillary, the BSA solution can be made to contact the 
walls of the well without touching the bottom of the well. After this step, the desired antibody or other 
binding agent is inunobilized on the bottom of the well, and then additional blocking agent may be 
added to block remaining nonspecific binding sites on the well bottom. 
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Assay methods according to the invention can also be automated, employing, for example, the 
method and apparatus of the invention described in Section m. Automated plate readers are currently 
used for conventional assay techniques, and the principles for a robotic PRE plate reader are in some 
ways sunilar. As with currently available plate readers, a robotic sample loader may or may not be 
S provided. A robotic PRE assay plate reader would advantageously include sample wells and a 
microscope for observing all or portions of the bottom of the wells. In some embodiments, a very small 
objective lens, which may be approximately 2 mm in diameter, is lowered down into the well and close 
to the' well bottom to obtain a high numerical aperture while imaging a portion of the well bottom. In 
these embodiments, the PREs may be illuminated from the bottom with total internal reflection off the 

10 bottom of a transparent well bottom. As the light is gathered by the objective, light emitting entities 
can be detected and discriminated from background using automated image analysis techniques as 
described above. Counting the remaining discriminated particle sources can also be automatically 
performed. In some embodiments, the field of view of the microscope may be a portion of the assay 
well bottom, and the reader may be configured to discriminate and count particles in several regions of 

IS the same assay well until a certain predetermined count is read. Only after this count is reached will 
the reader move to a different assay well. This technique will save time by moving quickly from well 
to well when a large signal is present, and will take the time required to obtain adequate count statistics 
when low numbers of bound PREs are present in the well. The reader may also be configured to 
perform additional levels of discrimination depending on the count received. For example, a first 

20 discrimination based on the spatial deviation irom the expected point spread function may be performed 
for all fields of view, but an additional spectral deviation measurement will be made when a low count 
value is obtained. All of the thresholds for performing various levels of discrimination can be 
preprogrammed into the reader, again insuring that wells having low PRE counts are analyzed to 
maximize signal to noise ratios, while time is saved on wells having a large number of counts, where 

25 signal levels are already high. 

It will also be appreciated that mercantile kits including ingredients for performing assays 
described herein may be created having novel combinations of ingredients. Advantageously, such kits 
may include a container of PREs having approximately equal spectral characteristics. The PREs may 
be conjugated to selected biological molecules such as antibodies or other types of specific binding 

30 partners for selected substances. They may be coupled to reactive groups for custom formation of 
conjugate at a later time. Washing and blocking solutions may also be provided. A second container 
of PREs may also be provided for calibration or multiple assays as described above. 
B. Binding of two PRPs to closely spaced target sites 
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As discussed above, the spectral characteristics of light emitted by PREs is dependent on their 
proximity to other PREs. Changes in observed peaks in emitted frequencies, e.g., peak wavelength, 
spectral width at half intensity, the appearance of more than one peak, and changes in response to 
polarized light, etc., can all be observed as PREs approach and move away from one another. These 
5 features can even be used to determine the approximate distance between PREs, by measuring the extent 
of their interaction. 

Agglutination and aggregation-dependent immunoassays are thus performed using PRE probes, 
and have the capability of single molecule detection. In one embodiment, two antibodies are each 
attached to a PRE probe having either the same or distinct spectral signatures. These antibodies bind 

10 to the same biomolecule of interest, but at non-competitive sites. The distance between the two binding 
sites will place the PRE probes in close proximity which are directly detected via narrow band 
illumination if the two PRE have separated plasmon resonance frequencies or if they have the same 
plasmon resonance frequency, by a imique spectral signature as a result of their interaction. For 
example, blood serum is added to a tube containing PRE probes which have been coated with antibodies 

15 specific for a particular serum component. After incubation, the sample is spread on a glass slide and 
the frequency of aggregated (i.e. close proximity) PRE probes is determined. This is compared to 
control slides on which the serum would either contain or not contain the molecule of interest. This 
technique has application to the multi-PRE labeling and consequent detection of peptides, nucleic acid 
oligomers or genes, as well as portions of or whole cells or viruses. 

20 The measurement of binding constants between two entities is currently performed by several 

procedures. Macroscopic binding can be measured directly by, for example, isothermal titration 
calorimetry. Less direct methods include absorbance, fluorescence or changes in circular dichroism 
associated with complex formation. One problem associated with these methods is that a high 
concentration of material is required to observe a detectable change in signal, and at these high 

25 concentrations the sample may be essentially 100% complexed, thus preventing the measurement of a 
binding constant under these conditions. In a preferred embodiment, the two entities are labeled with 
PRE probes, equilibrium is reached, and the ratio of free to bound allows calculation of a binding 
constant. 

The ability to detect when two PREs are adjacent is also important for assays of molecular 
30 association and dissociation. If two PREs are associated with suitable conjugate pairs and are mixed 
together, they will bind to form a pair or, if not restricted, higher complexes. As one example, PREs 
conjugated to oligonucleotides will form such pairs or complexes if the oligonucleotide sequences on 
different populations of PREs contain complementary sequences, or. if the PRE bound oligonucleotide 
sequences are complementary to separate regions of a target oligonucleotide also present in the matrix. 
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C. Cleavage of a linkage between two PREs 

In this embodiment, a PRE is linked to another PRE thorough a cleavable linker, e.g., a 
peptide, oligonucleotide, oligosaccharide or other chemically or enzymatically cleavable linker. The 
aim of the linked composition is to detect single chemical or enzyme cleavage events, on the basis of 
S an observable spectral change resuhing from linked PREs becoming individual, unlinked PREs, in 
accordance with the Part B embodiment. 

More generally, linked pairs of PRPs, are distinguished and, if the binding is disrupted, by, for 
example, enzymatic degradation of a peptide linker between the PREs or denaturation, this is reflected 
by the changes in the paired or complex PRE spectra. Operation of an enzyme may be monitored by 

10 this technique by observing an increased rate of complex formation or disassociation in the presence of 
the enzyme. One advantageous application of these methods includes monitoring the operation of a 
signal transduction cascade in a cell. Conjugated PREs are selected such that the presence of a product 
of a signal transduction cascade either disassociates previously bound PREs or binds disassociated PREs. 
The initiation of the cascade can thus be observed with optical microscopy in a living cell by observing 

IS association or disassociation of PREs in the cell. ^ 

Each PRE can be coated in such a way to result in a high probability of bound pairs by coupling 
with a linker such as a peptide or DNA molecule. As discussed herein, when two PREs with the same 
PR peak frequency are very close to each other, frequency shifts, additional resonances and polarization 
effects occur. If one wishes to determine whether a specific enzyme is present in solution, a linker is 

20 used which is susceptible to degradation by that enzyme. For example, serine proteases can be assayed 
by using a peptide linker containing a protease recognition site therein. After proteolysis, the spectra 
of the bound PREs changes dramatically as the PREs separate. In some cases, the PREs may be 
spatially separated far enough apart when linked such that they do not interact appreciably and retain 
essentially independent scattering spectra both when linked and unlinked. In this case, pair formation 

25 and disassociation can still be observed and measured by evaluating PRE positions with a CCD detector, 
and observe pairs of PREs having relative motion which indicates that they are linked. 
VI. Additional Compositions and Applications of PREs 
A. Monitoring Local Dielectric Environment 

When a PRE in air is surrounded with a medium having a dielectric constant different from that 

30 of air, scattering parameters may change relative to the scattering parameters characteristic of the 
particle in air. This effect is reversible if the dielectric medium is removed. Such parameters include, 
for example, a change in intensity or shift in wavelength of the resonant peak, changes in die PREs 
response to polarized light, and a change in the number of resonant peaks. Shifts in the resonant peak 
and intensity are observed following the addition of liquids of different indices of refraction surrounding 
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the PRE, and after they are removed by suitable washing steps, the PREs exhibit their prior 
characteristics. For many materials which exhibit plasmon resonance, raising the index of refraction 
of the surrounding medium will red shift the resonant peak to a longer wavelength. 

The presence of specific substances of interest or other perturbations in a sample being tested 
5 may therefore be detected by noting the spectral response of PREs to substances which interact with the 
PREs. For example, a suitable sample can be prepared having PRE bound to a substrate. Selected 
molecules may be bound to the PRE surface. The optical scattering parameters (intensity, polarization 
dependence, angular dependence, wavelength dependence, etc.) of each such PRE are recorded. The 
sample is then treated with material which includes molecules of interest that selectively bind to the 

10 surface of the PRE in such a manner that after initial treatment and/or subsequent ftirther treatments, 
the PRE scattering parameters have changed, confirming the local absorption of additional material or 
desorption of the additional or initial material, or other changes in the local dielectric environment. It 
can be £4>preciated that the initial PRE sample may be prq^ared as a test "library" or used to screen 
an "applied " library of proteins, antibodies, etc. These peak 

15 (D) Shift in Fluorescence Spectrum 

shifts and intensity changes can also be used to detect molecular perturbations such as association and 
dissociation due to changes in the PRE local dielectric environment. 

Information concerning the properties of a subject matrix can also be obtained by observing the 
spectral dependence on the relative positions of a PRE and a nearby substrate such as a smooth Si 

20 surface. For example, having made a record of a PRE location and spectral signature in a given 
sample, one could add an enzyme or photolyze a bond, resulting in movement of the PRE ft'om the 
substrate, thereby changing the PRE spatial and/or spectral signature. Indeed, if a pair of such PRE 
were bound together, and one moved while the other remained bound to the surface, the resulting 
spectral signatures would clearly indicate this event. Coatings on substrates can also be used to provide 

25 ftirther flexibility in creating detection and analysis systems utilizing PREs. For example, a coating can 
be applied to a substrate which will bind a desired polypeptide or polynucleotide or a blocking coating 
can be applied which will block non-specific binding of the PRE conjugates. One suitable coating 
comprises, for example, one or more layers of dielectric materials which produce anti-reflection 
properties. The coating may also comprise one or more layers of dielectric material which will produce 

30 an enhanced radiation by the PRE of the light that enters the observing optical system. The coating 
can also be selected so as to displace the PRE a distance away from the basic substrate surface. A given 
polarization of the light scattered by the PRE will be inhibited or enhanced depending on the distance 
from a reflecting surface. For example, if a suitable spacer layer of SiOj is placed on the silicon, a nice 
point source image peaked in the center is observed as expected. If the SiOj layer is adjusted or another 
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dielectric substance is used, conditions can be found related to the PRE resonant wavelength and the 
dielectric thickness and material where there is destructive and constructive interference of the PRE due 
to superposition of the light reflected from the substrate (interface) and the top of the dielectric layer. 
By using silicon or conducting surfaces, a noticeably different spectral signature is obtained than if the 
S PRE moves away from contact with that surface or if a dielectric layer intervenes. 
B. Monitoring Motion 

Three dimensional PRE motion may be directly visualized using two observational lenses at 
right angles to each other, each yielding a two axis motion in the plane perpendicular to their respective 
optical axis. This is particularly suited to motions that are small compared to the depth of field of the 

10 objective lens. If the motion to be observed has a component which is large conq)ared to the depth of 
focus of the objective lens, only one lens is used for three dimensional motion, whereby the "depth" 
direction is determined via a feedback signal that keeps the PRE intensity ui focus on the image plane. 
The other two dimensions are determined in the usual manner. PRE distance from the substrate surface 
can also be monitored in TIR illumination systems by measuring the intensity of the light scattered by 

IS the PRE as it changes position. As the excitation electric field drops off exponentially with distance 
from the reflecting interface, PRE intensity will decrease as it moves away from the substrate surface. 

Because PRE probes are so bright and so small they can be used for real-time determination of 
velocity and relative motion. For example, PREs may be used to monitor dynamic cellular processes 
including motor proteins (i.e. kinesin), cell division, vesicle transport, etc. PRE probes are particularly 

20 useful for in vivo temporal experiments over a broad range of timescales because they do not 
photobleach. PREs or precursor gold nucleating centers are attached to lipids which become 
incorporated into cell membranes. Specific PRE conjugates are designed to bind to their pair on cell 
surface receptors associated with the cell membrane. This method allows monitoring of, for example, 
ion channel openings. PREs may also be used to monitor movement of actin and myosin within muscle 

25 cells. PREs bound to or coated with conjugates can be introduced into cells. The conjugate will then 
bind to its binding partner within the cytosol, nucleus or on various organelle membranes. Activation 
of cell receptors, for example, by a particular drug, can lead to morphological changes in cell structure. 
PREs within or on cells can thus be used as an optical assay system for drug discovery or receptor 
activation. Once bound, the PRE can be localized and its motion observed. PREs may also be used 

30 to assay macroscopic motion. For example, a blood cell may be labeled and observed in circulation. 
Alternatively, the flow of blood or other liquid may induce a corresponding motion of the PRE. PREs 
can also be introduced into cells by a Biolistic device (BioRad Inc, Richmond, CA) or by 
electroporation. 
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By labeling any entity of interest with a PRE, the motion of that entity may be monitored using 
the detection process described herein by incorporating a suitable real time data acquisition and analysis 
system. Such a system may determine motion in a three dimensional sense and, if the movement is 
confined to a plane, in a two dimensional sense. Not only is precise information available about the 
5 motion in a specific system of interest, but also observable are changes in molecular motion after drug 
treatment or other changes in the physical and chemical environment such as alterations in temperature, 
pH, illimiination, electric or magnetic field strength, or a change in concentration of any compound of 
interest. 

PREs can also be used to monitor physical motion of more macroscopic objects. For example, 

10 a single PRE placed on an insect feeler could be used to sense its motion which could be regular or in 
response to an external molecule. This is particularly useful in detecting molecular responses to smell 
and pheromones. PREs are also ideal tools for allowing analysis of mechanical motion on a microscopic 
or sub-microscopic scale. By binding PREs to the components of so called "nanobearings" or other 
micron sized machine parts, three dimensional motion can be visualized and analyzed on nanometer 

IS scales. In addition to the added expense of electron microscopes, motion is difficult to capture via 
electron microscopy as the electron microscope is a scanning device, and the field of view is therefore 
generated over time with sequential scans, rather than viewed in real time as is possible with optical 
microscopy. Furthermore, with electron microscopy, extensive sample preparation is required, in 
addition to an evacuated measurement area. These factors severely limit the potential application of 

20 electron microscopy to real time motion analysis. 
C, Near^Field Effects 

The applications of PREs discussed above have focused on the far-field observation of light 
scattered by the PREs. However, because PREs also generate intense, non-radiative short-range electric 
fields, they may be used to affect the physical, chemical, and spectroscopic properties of adjacent 

25 molecules in useful ways. The spectroscopic technique of Surface Enhanced Raman Scattering may be 
extended to include the specific enhancement of only those materials in the immediate vicinity of the 
enhancing PRE. For example, PREs may be conjugated to bind to a target having a known Raman 
signature. Successftil binding can be detected by observing the surface enhanced Raman spectra of the 
target. They can also be useful for locally enhanced excitation and modified emission of nearby 

30 fluorophores. Surprisingly, PREs can produce enhanced emission from even high quantum efficiency 
fluorophores if the surface of the PRE is placed from approximately 1 to 5 nm away from the 
fluorophore. In contrast, it is generally thought that the presence of a metal quenches fluorophore 
emission of high quantum efficiency fluorophores. This fact can be used to create fluorescent labels 
having a much higher brightness or a changed lifetime, compared to when not so associated. A label 
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which includes a plasmon resonant conductive core (such as a silver particle of 40-100 nm diameter) 
and a non-conductive shell, made, for example, from latex, may be created, wherein the shell has 
fluorescent or Raman-active molecules embedded on or within it. Preferably, the peak of the plasmon 
resonance has a significant overlap with the efficient excitation band for the fluorophore or Raman active 
5 molecule. When the label is illuminated, the plasmon resonance excitation of the core will greatly 
enhance the observed fluorescence. In accordance with the above discussion, the thickness of the non- 
conductive shell is preferably less than or equal to approximately S nm in order to produce fluorescence 
enhancement. The plasmon resonant core, selected to resonate at a chosen wavelength, thus 
dramatically improves label performance over the fluorescent latex particles currently commercially 
10 available. 

Ellipsoidal PRE responses can also be advantageously enq)loyed in conjunction with 
fluorescence spectroscopy. Because ellipsoidal particles simultaneously permit resonance excitation at 
two or three distinct frequencies, they are particularly effective for localized excitation of a selected 
fluorophore by one such plasmon resonance, and then simultaneously effective for effecting the radiation 

IS (i.e. emission) of the excited fluorophore at wavelengths corresponding to the other plasmon resonance. 

Thus, targeted PREs can induce very localized spectroscopic effects, again inq>roving the 
collection of information about submicroscopic systems. Similar to the case of fluorescent resonance 
energy transfer (FRET), clustering of PREs gives rise to new optical properties including localized and 
Photonic Band Gap modes, which can be used to advantage in making highly responsive PRE-based 

20 detectors of molecular binding events. 
D. Metrology and Instrumentation 

Excited PREs can produce localized heating, and an individual PRE can be used to write to a 
polycarbonate substrate. As individual, highly localized light sources, PREs can be useful in precision 
lithography, photochemistry, or for inducing light activated chemical reactions. 

25 PREs can also be used as markers in conjunction with all other non-optical forms of very high 

resolution microscopy, including electron, atomic force, and scanning tunneling microscopy. In these 
applications, a macromolecule of interest, such as a segment of DNA, is marked with one or more 
optically observable PREs. Preferably, the high resolution microscope is also equipped with darkfield 
optical microscopy apparatus for optically observing the portions of the surface to be imaged with the 

30 non-optical microscope. The PRE's bound to the molecule can be optically observed, and the relevant 
portion of the high resolution microscope, such as the atomic force or scaiming tunneling probe tip, can 
be immediately positioned at a location of interest on the molecule to be observed. This can increase 
the efficiency of the use of high resolution microscopes, saving excess scanning time normally used to 
locate the object to be imaged. Atomic force, scanning tunneling, or any other type of scanning high 
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resolution microscope can advantageously be constructed to incorporate darkfield microscopy systems 
in order to utilize this feature of PREs. 

Industrial applications requiring high precision alignment or registration may also benefit from 
the use of PREs. One such application is the semiconductor manufacturing process, where lithographic 
S masks must be precisely aligned with the semiconductor wafer being processed. Because PREs can be 
localized to a precision of a few nanometers or even less, a comparison of the position of one or more 
PREs on the semiconductor wafer with the position of one or more PREs on the lithographic mask can 
determine the location of the mask relative to the wafer at the nanometer level. As only relative 
positioning is important, either random or controlled PRE patterns on the mask and the wafer may be 
10 used. 

Another application of the present invention takes advantage of the fact that PREs are essentially 
point sources of optical frequency light, having a diameter much less than the emission wavelength. 
Thus, they produce only the point-spread-function pattern characteristic of the instrument through which 
they are viewed, and not an image of their structure. This point spread function can be analyzed to 

IS detect imperfections in the optical system used to create it. As one example, an angular variation in the 
mtensity of the circular fringes indicates a lens in the viewing system which has a circumferential 
asymmetry. Localizing the center of the Airy pattern at two or more emission wavelengths also 
evaluates a lens systems for chromatic aberrations. 

The point source nature of PREs can also be used to test an optical system for its resolution. 

20 Usmg techniques described above for the placement of individual PREs at specific locations, a 
calibration set of PRE pairs can be created with varying distance between the PREs. It can then be 
determined how close two PREs must be before the central peaks of their respective point spread 
functions overlap to produce a single non-differentiated peak. To some extent, the same measurement 
can be performed by measuring the width of the peak of a single PRE in the focal plane with the lens 

25 system of interest. 

PREs may also be used to profile the intensity distribution of focused light beams, thereby 
gathering information concerning the properties of lenses and other optical systems used to produce such 
beams. As illustrated in Figs. lOA and B, a focusing lens 100 produces a light beam 102 focused to 
a narrow beam in the lens focal plane. As is well known in the art, the beam is not focused to a point 
30 at the focal plane, but the intensity has an approximately Gaussian intensity as a function of distance 
away from the center of the focused beam. The details of the intensity as a function of position in the 
focal plane will depend on the characteristics of the optical system which produced the focused beam. 

Referring now to Fig. lOA, a thin transparent plate 104 may be placed in the beam 102 at the 
focal plane. The transparent plate 104 includes a PRE mounted thereon. Preferably, of course, the 
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peak of the plasmon resonance response of the PRE is selected to approximately match the predominant 
frequency band of the incident light beam 102. It can be appreciated that the intensity of the light 
scattered by the PRE will depend on the intensity of the illumination. Accordingly, if the plate 104 or 
beam 102 is moved such that the PRE moves to different locations in the focal plane, the intensity as 

S a function of position can be determined by collecting scattered light with a suitably placed objective 
lens of an observing microscope. As with other darkfield techniques described above, the objective of 
the observing microscope may be placed so that it collects light emitted by the PRE but does not collect 
light transmitted through or specularly reflected by the plate 104. This system may be used to test the 
characteristics of solid-immersion-lenses, lasers, and other optical systems. 

10 E. Object Identification 

Still another application of the present invention is the labeling and identification of paper or 
plastic items subject to forgery such as paper currenq^ or credit cards, or identification badges. Either 
random or pre-defined patterns of PREs may be bonded to the surface of the item. In advantageous 
embodiments, the PREs are coated with a protective layer or film. Later observation of the proper PRE 

IS pattern on the item with microscopy techniques as described above can be used for authentication 
purposes. Such authentication can be implemented via a pattern recognition system on a computer, 
allowing for real time authentication at point-of-sale terminals, facility entry locations, and the like. 
Alternatively, a magnetic strip, bar code, or other data storage media may be placed on the item (e.g., 
a credit card) in addition to the PRE arrangement. A coded version of the PRE array is also stored in 

20 this media, and a match indicates that the item was validly created. Of course, a cryptographic 
algorithm which produces a matching magnetic code based on the PRE array that cannot feasibly be 
deduced from the array itself should be used, and such algorithms are well known in the cryptographic 
art. 

G. Forensics 

25 The robustness and easy visibility of PREs also makes them ideal for several forensic 

applications. Bodily oils, fluids, DNA, etc. which is present in fingerprints can bind PREs, making the 
fingerprint easily visible imder appropriate illumination. Many different goods niay also be labeled with 
PREs to provide traceability. PREs having different scattering characteristics can be mixed with 
explosives, food, drugs, poisons or other toxins, etc. The particular PRE could provide source 

30 identification. PREs are ideal for this application because of their resistance to degradation and the 
ability to detect even single individual PREs in a sample. 

H. Identifying small molecules in combinatorial libraries by Raman spectrum PREs 

PREs can also be differentiated by the characteristics of molecules which are attached to their 
surface which may be provided in addition to the one or more conjugate molecules. Surface enhanced 
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Raman scattering from Raman active molecules adjacent to individual PREs has been reported (Nie and 
Emory, Science, Volume 275, 1102-1106, 1997). If molecules with different Raman spectra are 
attached to different populations of PREs, PREs from different populations may be identified by their 
different Raman scattering signatures. Given the wide variety of Raman molecules available, a large 

5 number of differentiable probes are possible which may be particularly useful in conjunction with 
combinatorial library techniques. The use of Raman markers may also be used as an alternative way 
(in addition to four different plasmon resonance wavelengths) to produce four differentiable PRE 
populations, which would be useful in DNA sequencing techniques which use four differentiable 
markers, one for each base. Fluorescent molecules may also be bound to PREs to provide an additional 

10 marker, as can oligonucleotides, which are distinguished by their preferential hybridization properties 
rather than spectrally. If desired, PREs having a conductive resonant core and a non-conductive 
dielectric shell such as latex may include embedded fluorescent molecules in the dielearic shell. This 
label embodiment is discussed in more detail below. It can be appreciated as well that combinations of 
diff^erent resonant scattering characteristics, different fluorescent markers, and different Raman markers 

15 can be utilized to prepare hundreds or even thousands of spectrally differentiable probes. For example, 
a library may include four different plasmon resonance signatures, four different fluorescent signatures, 
and ten different Raman signatures, thereby producing 160 different distinguishable probes by different 
combinations of the available spectral signamres. Accordingly, populations of PREs may be 
distinguished based on differences in size or shape, or by differences in material bound thereto. 

20 Furthermore, known techniques of combinatorial chemistry can be used to simultaneously 

synthesize a marker molecule and a conjugate molecule onto PREs in a simultaneous series of molecular 
assembly steps. In some embodiments, this process would start with a label precursor entity which 
comprises a PRE having one or more reactive groups bonded to it which may form a base on which 
combinatorial chemical synthesis may initiate. The . reactive groups may include, for example, a 

25 phosphates, aldehydes, carboxyls, alcohols, amides, sulfides, amino acids, or nucleic acid bases. For 
example, a selected Raman active molecule could be synthesized simultaneously with an oligonucleotide 
conjugate. Alternatively, a library of drug candidate compounds may be synthesized simultaneously 
with identifying oligonucleotide markers. 
I, Cell Sorting 

30 PRE probes are also suitable for cell sorting, analogous to fluorescent activated cell sorting 

(FACS). A mixed cell population is analyzed for one cell type expressing a particular surface antigen 
using a particular PRE probe. In addition, several cell types are isolated by simultaneously using 
multiple PRE probes because of the number of uniquely identifiable PRE probes with distinct spectral 
signatures that can be made. It is contemplated that all of the PRE detection and localization methods 
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described herein can be fiilly automated to produce, among other items, cell sorters. With a PRE cell 
sorter, it is advantageous to pass the cell population of interest substantially one at a time into the field 
of view of a darkfield microscope. The detection, discrimination, and analysis teduiiques described in 
detail above can be used in the cell sorting context to identify PRE labelled cells. 
5 Many different cell routing schemes may be used in such an apparatus. In one advantageous 

embodiment, the cells are deposited into a stream of fluid, such as water, which is constrained to move 
within the confines of a surrounding shell of a second fluid, such as an oil, which is substantially 
immiscible in the first fluid. This forces the cells to remain confined to a small region for darkfield 
viewing as they pass through the field of view of the microscope. Preferably, the indices of refraction 
10 of the two fluids are approximately equal, to minimize reflections of incident light at the interface 
between them. 

In addition, PRE labeling can be used in addition to, rather than as a substitute for, fluorescent 
labeling in a cell sorting technique. In this case, fluorescent labels and PRE labels are made to bind to 
the same target cells. The cell sorting may be done based on an observation of the fluorescent marker. 

IS If a portion of the sorted cells are saved as an archival record of the result of the sorting process, the 
PRE can be used to verify successful sorting in the fiimre. This is more effective than observing the 
fluorescence of stored sanq)Ies, due to the stability and non-photobleaching properties of the PRE. 

A further application of the same technology is performed in vivo or ex vivo. In this technique, 
cells are permeabilized and PRE probe(s) attached to antibodies against a cellular biomolecule of interest 

20 are introduced into the permeabilized cells. The cells are then incubated with a combinatorial chemical 
library. The viable cells are spread out on a slide and the cells are selected which have been "affected" 
by the chemical library. "Affected" could indicate a change in localization or distribution of PRE 
probes due to a change in localization of the attached biomolecule, or it could indicate a clustering of 
PRE probes leading to a new spectral signature. Because any entity of interest (i.e. cell, DNA, 

25 organelle) can be labeled with a PRE, it can then be optically detected because the collection of PRE 
can be observed moving as a unit. 
J. Clinical Applications of PREs 

PREs can also be used in a wide variety of clinical applications. One significant area is in the 
diagnosis of different conditions in animals, including humans, which can be identified by the selective 

30 binding of conjugate to specific organs in the animal. In this technique, PREs having selected scattering 
characteristics may be injected into the bloodstream or ingested by the animal. These PREs may further 
be bound to an antibody or other conjugate to target or identify the presence of a particular substance 
in the animal. Tissue may then be removed form the animal and tested for the presence of PREs under 
a microscope. If desired, control PREs which are not bound to the specific binding conjugate can also 
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be injected or ingested to determine the non-specific binding background. These techniques have been 
developed with colored latex particles as the probe, and reagents for performing these tests with the 
latex particles are commercially available from, for example, Triton Technologies of San Diego, CA 
and Molecular Probes of Eugene, OR. The use of PREs, due to their brightness, biocompatibility, and 

S resistance to degradation will improve the sensitivity of such tests. 

Cell modification and therapy techniques such as gene therapy may also be enhanced with PREs. 
In this case, cells having the desired genetic characteristics are labeled with PREs and selected with a 
cell sorter using the techniques set forth above. Selected cells are then placed in a patient. If desired, 
the PRE can be disassociated and removed prior to placement in the patient. 

10 Selective heating and drug delivery is also possible with PREs. If PREs are localized in a 

selected tissue or region of a patient, they can be illtuninated so as to locally heat the tissue or region 
without significant affect on neighboring areas of the body. The administration and activation of light 
activated drugs is also enhanced with PREs. Light activated drugs can be activated with far less total 
light energy by being bound to a PRE where the electric field will be enhanced. The use of light 

IS activated drugs to treat breast cancer has received recent attention, and may be improved by binding the 
drugs to PREs to enhance their activation at locations deeper in the tissue. 

The application of optical PRE detection and analysis to biochemical systems is considered to 
provide many advantages over current labeling techniques, and appears to comprise an area where PRE 
analysis can have a large impact. Other areas, however, may also benefit from the PRE detection and 

20 spectral analysis of the present invention. 

From the foregoing, it will be appreciated how various objects and features of the invention 
have been met. The method and apparatus of the invention are ideally suited to a variety of target- 
interrogation tasks that have been difficult or impossible heretofore, including, as representative 
examples: 

25 1. detecting single molecule events; 

2. resolving sub-wavelength distance relationships in a biological target in a natural hydrated state; 

3. direct spatial mapping of selected target sites on a biological target, such as direct mapping of 
selected sequences in a chromosome for purposes of chromosome mapping; and 

4. optical reading of microencoded information; 

30 The method and apparatus can further be applied to a wide variety of diagnostics applications, 

to achieve improved sensitivity, spatial and distance information, ease of sample preparation, and 
flexibility in the type of target sample that can be interrogated. 

Although the present invention has been described with respect to particular methods, 
compositions, and devices. It will be appreciated that various changes and modifications can b made 

35 without departing from the invention. 
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WHAT IS CLAIMED IS: 

1 . A method of interrogating a field having a plurality of PREs distributed therein, comprising 
illuminating the field with an optical light source, 

S detecting a spectral emission characteristic of individual PREs and other light scattering entities 

in the field, 

constructing a computer image of the positions and values of the emission spectral characteristic 
of individual PREs and other light-scattering entities present in the field, and 

discriminating PREs with a selected spectral signature from other light-scattering entities based 
10 on detected spectral characteristic values unique to the selected-signature PREs, to provide information 
about the field. 

2. The method of claim 1, wherein said detecting includes simultaneously detecting the spectral 
emission characteristic of the light-scattering entities in the field. 

15 

3. The method of claim 2, wherein said detecting further includes detecting the spectral 
emission characteristic of the light scattering entities in the field simultaneously at a plurality of defined 
spectral frequencies. 

4. The method of claim 1, wherein said illuminating and detecting steps include 
illuminating said PREs with incident light predominantly in a first frequency band; 
detecting the spectral emission characteristics of individual PREs and other light scattering 

entities in the field under illumination at the first frequency band; 

illuminating said PREs with incident light 
predominantly in a second frequency band; and 

detecting the spectral emission 
characteristics of individual PREs and other light scattering entities in the field under illumination at the 
second frequency band. 

30 5. The method of claim 1, wherein said detecting includes sequentially detecting the spectral 

emission characteristic of individual PREs and other light scattering entities in the field at a plurality 
of defined spectral bands. 

6. The method of claim 1, wherein said illuminating includes exposing the field to a plurality 
35 of narrowband pulses of light which vary in duration, and said detecting includes detecting variations 
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in emitted light intensity produced by variations in duration. 

7. The method of claim 1, wherein at least some of the PREs are non spherical, said 
illuminating includes exposing the field to polarized light at different orientations and/or different angles 

S or incident, and said discriminating includes detecting changes in a spectral emission characteristic as 
a function of incident light polarization orientation or angle. 

8. The method of claim 1, wherein said PREs are formed in the field by a step selected from 
the group consisting of 

10 (i) binding nucleation centers to a field, metal enhancing said nucleation centers, observing 

enhancement of said nucleation center during said metal enhancing process, and terminating 
enhancement when a PRE of a desired spectral characteristic has been formed; 

(ii) adding pre-formed PREs to a target in the field, 

(iii) making PREs at target sites in the field. 

15 

9. The method of claim 1 , wherein discriminating PREs with a selected spectral signamre from 
other light-scattering entities in the field includes discriminating a selected type of PRE from all other 
light-scattering entities in the field, based on detected values, for each light-scattering entity in the field, 
of peak position, peak intensity, or peak width at half intensity of the spectral emission curve, peak 

20 halfwidth in the image plane, and polarization or angle of incidence response. 

10. The method of claim 9, wherein said discriminating is effective to discriminate, for a 
selected type of PREs, those selected PREs which are interacting with one another and those which are 
not. 

25 

11. The method of claim 9, wherein said discriminating is effective to discriminate a selected 
type of PRE from another selected type of PRE in the field. 

12. The method of claim 1, wherein the PREs have surface-localized fluorescent molecules or 
30 Raman-active molecular entities, and said detecting includes detecting plasmon-resonance induced 

fluorescent emission or Raman spectroscopy emission from one or more of said molecules or entities, 
respectively. 

13. The method of claim 1, for use in determining the total number of PREs of a selected type 
35 in a field, wherein said discriminating includes counting the number of PREs having a selected range 
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of values of a selected spectral emission characteristic in the constructed computer image. 

14. The method of claim 1 , for use in determining a spatial pattern of PREs having a selected 
range of values of a selected spectral characteristic in the field, wherein discriminating includes 

5 constructing an inuge of the relative locations of PREs with those spectral-characteristic values. 

15. The method of claim 14, wherein the location between two adjacent PREs is less than the 
Rayleigh resolution distance, and said detecting includes exposing the field with light of one wavelength, 
to obtain a diffraction image of PREs in the field, exposing the field with light of a second wavelength 

10 to obtain a second diffraction image of PREs in the field, and comparing the distance between peaks in 
the two diffraction patterns. 

16. The method of claim 1, for use in interrogating a change in the environment of the field, 
wherein said discriminating includes comparing the values of the detected spectral characteristic of a 

15 PRE in the field before and after said change. 

17. The method of claim 16, wherein the field is interrogated for changes in the dielectric 
constant of environment. 

20 18. The method of claim 1, for use in detecting motion of PREs in the field, wherein said 

detecting includes detecting the centers of the diffraction patterns of the PREs in the image plane, as a 
function of time. 

19. Apparatus for use in the method of claim 1, for interrogating a field having a plurality of 
25 PREs distributed therein, comprising 

an optical light source for illuminating the field, 

an optical detector for detecting a spectral emission characteristics of individual PREs and other 
light scattering entities in the field, when the field is illuminated by the light source, 

an image processor operatively connected to the detector for constructing, from signals received 
30 from the detector, a computer image of the positions and values of the spectral emission characteristic 
of individual PREs and such other light-scattering entities present in the field, 

discriminator means for discriminating PREs with a selected spectral signature from other light- 
scattering entities in the computer image, and 

output means for displaying information about the field based on the information about the 
35 selected PREs. 
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20. The apparatus of claim 19, wherein said light source includes a bright field/dark field lens 
for directing light onto the field. 

21. The apparatus of claim 19, wherein said light source includes means for illuminating the 
5 field at each of a plurality of different wavelengths. 

22. The sqpparatus of claim 19, wherein said detector is a two-dimensional photodetector array 
capable of detecting a spectral emission characteristic simultaneously from a plurality of illuminated 
PREs in an illuminated field. 

10 

23. The apparatus of claim 19, wherein said detector includes means for spectrally separating 
light emitted from the PREs, and said unage processor operates to form a computer image of the 
positions and values of the emission spectral characteristic of individual PREs and such other light- 
scattering entities present in the field at each of a plurality of different emission wavelengths. 

15 

24. The apparatus of claim 23, wherein the optical detector includes a two-dimensional array 
of optical fibers whose output is aligned so as to constitute a line source that is sent into a grating or 
prism for responding to that line source, and a two-dimensional detector array for responding to the 
spread of spectral light of each fiber in said line source of detected light. 

20 

25. The apparatus of claim 19 or 23, which further includes means for moving said target in 
an x-y plane, relative to said light source, to successively illuminate individual light-scattering entities 
in the field. 

25 26. The apparatus of claim 19, wherein said image processor operates to construct an image 

of PRE positions and, for each light-scattering entity in the field, values of a spectral characteristic 
selected from the group consisting of peak position, peak intensity, or peak width at half intensity of 
the spectral emission curve, peak halfwidth in the image plane, and polarization or angle of incidence 
response. 

30 

27. The apparatus of claim 19, wherein said image processor operates to construct an image 
of PRE positions and, for each light scattering entity in the field, a value of a spectral characteristic 
selected from the group consisting of fluorescence emission spectrum and Raman spectrum. 

35 28. The apparatus of claim 19, wherein said discriminator means includes means for 
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discriminating PREs with a selected spectral signature from all other light-scattering entities in the field, 
based on detected values, for each light-scattering entity in the field, of peak position, peak intensity, 
or peak width at half intensity of the spectral emission curve, peak halfwidth in the image plane, and 
polarization or angle of incidence response. 

5 

29. The apparatus of claim 29, wherein said discriminating is effective to discriminate for a 
selected type of PREs, those selected PREs which are interacting with one another and those which are 
not, or one selected type of PRE from another selected type of PRE in the field. 

10 30. A composition of plasmon resonant particles (PRPs) having one or more populations of 

PRPs, and characterized by: 

(a) the PRPs have a width at halfheight of less than 100 nm; 

(b) the PRPs in a single population are all within 40 nm of a defined wavelength; 

(c) at least 80% of the PRPs in the composition satisfying criterion (a) are in one or more of 
IS the populations and have a spectral emission wavelength in a single range selected from the group 

consisting of: 

(i) >700nm; 

(ii) 400-700 ran; and 

(iii) <400 nm; and 

20 (d) each population has at most a 30% overlap in number of PRPs with any other population 

in the composition. 

31. The composition of claim 30, wherein at least 80% of the PRPs in the composition are in 
one or more of the populations and have a spectral emission wavelength in the 400-700 nm wavelength 

25 range. 

32. The composition of claim 30 or 31, wherein the particles have a composition selected from 
the group consisting of 

(i) a solid silver particle, 
30 (ii) a silver particle with a gold core, and 

(iii) a particle with a dielectric core and an outer silver shell of at least about 5nm. 

33. The composition of claim 30, wherein the particles have localized at their surfaces, one 
from the following group: (i) surface-attached ligands adapted to bind to ligand-binding sites on a target, 

35 where the ligand/ligand-binding sites are conjugate binding pairs, (ii) fluorescent molecules, (iii) Raman- 
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active molecular entities, and (iv) a blocking reagent to prevent non-specific binding, and (v) a coating 
with functional groups for covalent coupling to the PRPs. 

34. The composition of claim 33, wherein the surface localized ligand is one of a conjugate 
S pair selected from the group of pairs consisting of antigen/antibody, hormone/receptor, drug/receptor, 

effector/receptor, enzyme/substrate, lipid/lipid binding agent and complementary nucleic acids strands. 

35. The composition of claims 33, which includes first and second populations of PRPs having 
first and second different surface localized molecules or entities. 

10 

36. The composition of claim 35, for use in identifying a target having first and second ligand- 
binding sites, wherein the first and second surface bound molecules are first and second ligands effective 
to bind to said first and second ligand-binding sites, respectively. 

15 37. The composition of claim 36, wherein the first and second surface-localized molecules are 

oligonucleotides having sequences that are complementary to first and second proximate sequence 
regions of a target polynucleotide. 

38. The composition of claim 35, wherein the first and second surface-localized entities are 
20 Raman-active molecular entities with different Raman spectral characteristics. 

39. The composition of claim 30, having first and second populations of PRPs, each with a 
different shape, at least one of which is spherical or tetrahedral. 

25 40. A diagnostic method for use in detecting the presence of, or information about, a target 

having a molecular feature of interest, comprising 

contacting the target with one or more PREs having surface localized molecules, to produce an 
interaction between the molecular feature and the localized molecules, 
illuminating the target with an optical light source, and 
30 determining the presence of or information about the target by detecting a plasmon resonance 

spectral emission characteristic of one or more PREs after such interaction with the target. 

41. The method of claim 40, wherein said target contains a ligand-binding site, the surface- 
localized molecule is one of a ligand/ligand-binding site conjugate pair selected from the group of pairs 
35 consisting of antigen/antibody, hormone/receptor, drug/receptor, effector/receptor, enzyme/substrate, 
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lipid/lipid binding agent and complementary nucleic acids strands, said contacting produces a PRE/target 
complex, and said detecting includes detecting a plasmon resonance spectral emission characteristic of 
the complex. 

S 42. The method of claim 41, wherein said contacting further includes the step of washing the 

field to remove PREs not bound to the target through a ligand/ligand-binding interaction. 

43. The method of claim 41, wherein the target has at least two proximately spaced ligand- 
binding sites, and said complex includes at least two proximately spaced PREs that have a spectral 

10 emission signature different from that of PREs in the absence of binding to the target. 

44. The method of claim 43, for detennining the presence of a target having first and second 
proximately spaced ligand-binding sites, wherein said contacting includes reacting the target with first 
and second populations of PREs having surface-localized first and second ligands, respectively, for 

15 binding to the first and second ligand binding sites, respectively. 

45. The method of claim 44, wherein the target is a poljmucleotide having first and second 
adjacent base sequence regions, die ligand molecules on the first and second PREs are complementary 
to said first and second regions, and said contacting is carried out under conditions which allow surface- 

20 attached ligand molecules to hybridize with complementary-sequence regions of the target. 

46. The method of claim 41 , wherein the PRE(s) contain surface-localized fluorescent reporter 
molecules, and the interaction of a PRE with the target or with another PRE at the target is effective 
to detectably alter a plasmon-resonance induced spectral emission characteristic of the fluorescent 

25 molecules on the PRE. 

47. The method of claim 41, wherein the PRE(s) contain surface-localized Raman reporter 
molecular entities, and the interaction of a PRE with the target or with another PRE at the target is 
effective to detectably alter a plasmon-resonance induced spectral emission characteristic of the Raman 

30 entities on the PRE. 

48. The method of claim 41, wherein the target has multiple ligand-binding sites, the PREs 
bind to two or more of these sites and said detecting includes constructing a spatial map of the sites of 
PRE attachment to the target, which is indicative of the relative spacings of the ligand-binding sites in 

35 the target. 
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49. Hie method of daim 48, for use in ms^ping regions of known sequence in a target 
polynucleotide which is m a substantially extended condition^ whertin the target is contacted with a 
plurality of PREs, eadi having different surface-attached oligonucleotides effective to hybridize to 
one of the know-sequence regions of die target, said contacting is carried out under conditions whidi 

5 allow the PRE's surface-attached oligonucleotides to hybridize with the target's sdeaed base 
sequences, and said detecting includes CO washing tiie fidd to remove unbound PREs, and (n) 
mapping the relative positions of the boimd PREs according to their spectral emission characteristics. 

50. The method of claim 40, for resolving the distance between two closely spaced target 
10 sites, wherein said PREs have substantially the same peak wavel^gth, wherein said detecting 

mcludes detecting a composite spectral emission characteristic of the two PREs including shifts and 
broadening of single-particle spectral peaks and appearance of new peaks. 

51. The method of claim 40, for resolving the distance between two closely spaced target 
15 sites» wherein said PREs have diff^ent peak wavelengths, wherein said detecting includes separately 

detecting the center of the diffraction peak of each particles at different illuminating light 
wavelengths. 

52. Hie mediod of daim 41, wherein said target indudes an array of differmt-sequence 
20 oligo- or polynudeotides, the array is contacted with one or more PREs havmg one or more surface- 
attached polynucleotides, said contacting is carried out under conditions which allow the PRE*s 
surface-attached polynucleotides to hybridize widi the target array oligo- or polynudeotides, and said 
detecting includes CO washing die targ^ to remove unbound PREs, and (iO detecting a spectral 
emission diaracteristic of PREs at each region of the array. 

25 

53. The mediod of claim 41, wherein said target is a polynucleotide present as a separated 
band in an dectrophoresis gd, said contacting is carried out by exposing the surface of the gd to 
PREs under hybridization conditions. 

30 54. The method of claim 41, wh^ein the molecular feature of interest is a molecule which 

functions catalytically to break a bond between two atoms in a molecular chain, said PRE includes a 
pair of PREs linked by said chain, said contacting is carried out under conditions effective to cleave 
the molecular chain, and said detecting includes detecting the disappearance of linked PREs or die 
appearance of unlinked PREs. 

35 
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55. The mefliod of dmm 41, for d^ecting die presence of a target polynucleotide sequence 
having first and second contiguous nucleotide sequences, said contacting includes adding to the 
target, under hybridization conditions, first and second PREs having sur&ce-localized first and 
second oligonudeotide probes complementary to the first and second target sequences, respectivdy, 
and treating die resulting hybridization product widi a ligase enzyme, and said d^ecting includes 
detecting the presence of linked PREs. 
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